Shared antigenic determinants between M proteins of group A streptococci appear to be widespread among serotypes. This is demonstrated by the ability of purified M proteins to absorb opsonic antibody from a variety of heterologous antisera prepared against whole cells or purified M proteins. This absorption procedure has the capacity to separate passive mouse protecting and passive hemagglutinating antibodies from opsonic antibodies measured in vitro. When whole cells or M proteins are used as heterologous absorbents, immunoglobulin may be recovered from the cells or precipitates. The recovered antibody has most of the opsonic and some of the precipitating qualities of the original unabsorbed serum, but hemagglutinating titers are significantly lower. These data provide additional evidence that shared antigenicity among M proteins can be the result of common antigenic determinants. Arguments are presented that these crossreactions are not the result of a nonspecific protein fraction associated with purified M proteins.
The M proteins of group A streptococci are the cell wall antigens responsible for type specificity within this Lancefield group. Most importantly, anti-M antibodies in human and experimental animal hosts are usually opsonic when present in adequate amounts; thus, anti-M antibodies play a key role in type-specific protection (7, 16) . Serological cross-reactions between group A serotypes are not infrequent and have been attributed to a variety of causes. Crossreactions manifested by intertypic opsonization may be measured by an in vitro bactericidal assay (15, 17) or mouse protection (5) . These assays in all likelihood determine true shared antigenic determinants among M proteins (9) or multiple M proteins within the serotypes in question (12, 24, 25 ; T. T. Myoda, G. G. Wiley, and P. N. Bruno, Bacteriol. Proc., p. 105, 1969). Other cross-reactions observed by a variety of serological tests have been attributed to nonspecific protein antigens physically or chemically associated with M proteins (3, 22, 23) or nonprotein antigens, such as teichoic acid, carried through during purification of M proteins (2) .
The current work presents further evidence that many M protein serotypes share antigenic determinants. These cross-reactions are demonstrated by opsonic antibody absorption techniques as well as immune precipitin reactions.
In addition, evidence is presented that anti-M antisera may be depleted of opsonic activity (measured in vitro) by employing heterologous M protein absorption without the loss of homologous passive mouse protection.
MATERIALS AND METHODS
Streptococci. Table 1 lists the group A streptococci and the origin of these strains. All of these strains (except M-negative Q496) have been passed serially through mice.
M protein. M proteins were extracted from washed cell walls and purified as described previously (6) .
Rabbit antisera. Antisera against whole cells were prepared by injecting streptococci killed by heating at 56 C for 30 min and emulsified with complete Freund adjuvant (Difco Laboratories, Detroit, Mich.). Each rabbit received four injections divided between the footpads and subcutaneous sites in the flanks. One dose consisted of 0.5 ml of a washed cell suspension in 0.01 M phosphate-buffered saline (PBS) containing approximately 5 x 10-cells emulsified with 0.5 ml of complete Freund adjuvant. Anti-M protein sera were prepared according to the same schedule; 0.5 ml of PBS containing 1.0 mg of M protein was emulsified with an equal volume of complete Freund adjuvant per dose. Sera were collected 2 weeks after the last injection and pooled.
Absorption and recovery of immunoglobulin. Absorption of type-specific sera with heterologous streptococci was carried out with 0.5 ml of serum Lancefield (15) , and the indexes were calculated by the method of Fox et al. (10) . Passive hemagglutination (HA) with tanned human group 0 erythrocytes sensitized with M proteins was carried out as described (5) . Passive mouse protection with 21-day-old Swiss white mice was by intraperitoneal injection of 0.2 ml of serum followed by a challenge with 10-fold dilutions of streptococci injected intraperitoneally 6 h later (5) . The 50% lethal dose was calculated by the method of Reed and Muench (19) .
Preparation of material for electron microscopy and the labeling of goat anti-rabbit serum (Cappel Laboratories, Dowington, Pa.) with ferritin were performed according to the methods of Swanson et al. (20) . These procedures, including the photography, were carried out for me by C. P. A. van Boven.
Partially purified teichoic acid was isolated from type 1 streptococci according to the method of Jackson and Moskowitz (13) . Glycerol and phosphorus determinations (1, 21) showed that this material consisted of 75% polyglycerophosphate by dry weight.
RESULTS
Type 12-type 60 cross-reactions. In a brief report from this laboratory (M. K. Wittner and E. N. Fox, Abstr. Annu. Meet. Am. Soc. Microbiol. 1973, M212, p. 108), a "one-way" intertypic cross-reaction was demonstrated by in vitro opsonization of type 60 cells with type 12 rabbit antiserum. In pursuing this relationship further, rabbit anti-12 sera prepared by immunization with whole type 12 streptococci or purified M12 protein were absorbed with heat-killed type 60 streptococci. Shown in Table 2 is an example of a hyperimmune serum from a rabbit immunized with M12 protein (Table 1 , experiment 1), which was strongly bactericidal and had a passive HA titer greater than 2 x 10-5. When this serum was absorbed with type 60 cells, all homologous opsonic antibody and considerable HA activity were removed; similar results were obtained with anti-12 sera prepared by immunization with whole type 12 streptococci (Table 2 , experiment 3). When the type 60 cells used for absorption were recovered, washed, and treated with glycine buffer at pH 2.4, the eluted immunoglobulin was opsonic for type 12 Figure 2B shows the same lot of cells reacted with anti-M12 protein immunoglobulin, demonstrating the reactivity of the heterologous antibody with the outermost cell surface. Figure 2C is a control in which normal rabbit immunoglobulin was reacted with 60 cells; here no ferritin-labeled anti-rabbit globulin is bound to the cells. These results indicate that the cross-reacting determinants shared by these two serotypes are present on intact cells and do not represent artifacts resulting from the various procedures employed in extracting the M proteins or in preparing antisera by immunization with heat-killed cells or M proteins.
Type-specific opsonic inhibition with heterologous M proteins. Purified M proteins were examined for their capacity to block type-specific in vitro opsonic activities of heterologous antisera. Opsonization tests were carried out with rabbit antisera prepared by hyperimmunization with purified M proteins, types 1, 3, 6, and 12; these sera were assayed with homologous streptococcal serotypes before and after absorption with purified M proteins ( Table 3) . The amount of M protein added to the system was calculated to be an antigenic excess, as shown by the capacity of each M protein to inhibit completely its homologous antiserum after preincubating antigen and antiserum for 30 min at 37 C; further incubation at 5 C for 18 h also showed an absence of all opsonic activity. When heterologous M proteins were mixed with antisera for 30 min at 37 C, no inhibition was observed. However, when these mixtures were maintained at 5 C for an additional 18 h, nearly all combinations of heterologous antigens were completely inhibitory to opsonization. In addition to serotypes 1, 3, 6, and 12, M proteins of types 2, 5, 14, and 60 were inhibitory to anti-12 serum after the extended incubation at low temperature. Controls of bovine serum albumin and a partially purified teichoic acid from type 1 streptococci were not inhibitory. An "M protein" from a nontypable strain ("notype") derived from type 14 (T. T. Myoda and E. N. Fox (Fig. 1) . In Fig. 3 are quantitative precipitin curves of a type 12 antiserum precipitated with homologous M12 protein as well as M6 and M3 proteins. M proteins and antisera were incubated at 37 C for 2 h and then at 5 C for 48 h before precipitates were removed for the assay of the supernatants. Arrows point to supernatant samples assayed for opsonic activity after precipitates were removed by centrifugation. Numbers at arrows are the type-specific opsonic indexes of the supernatants. Immunodiffusion diagrams above the graphs illustrate the extent of cross-reaction and the disappearance of respective cross-reacting components from the supernatants after the quantitative precipitin reaction was carried out. In Fig. 3A , quantitative precipitation of the homologous type 12 system yields a supernatant taken at equivalence which was completely devoid of opsonic activity. Immunodiffusion assays in which this supernatant was reacted with the various M proteins or their respective antisera were entirely negative (not shown in Fig. 3.) . The immunodiffusion pattern shown in Fig. 3A was carried out with anti-M12 serum prior to the quantitative precipitin reaction. When type 12 antisera were precipitated with types 6 and 3 M proteins, small but significant precipitin curves were obtained. An antigenic excess of 6 M protein, about 500 ,ug/ml, removed type 12 opsonins (Fig. 3B) , whereas type 3 M protein removed these opsonins at a concentration of 50 ,tg/ml (Fig. 3C) Further evidence for shared determinants is provided in Fig. 4 where anti-6M hyperimmune serum was reacted with 6 or heterologous 12 Table 4 shows that the removal of opsonic antibody leaves a serum still exhibiting strong HA and that the opsonins removed by the heterologous M protein were recoverable but relatively low in HA activity. The data show that opsonic activity is dissociable from precipitating antibody and that heter- In vitro opsonization and mouse protection. Hyperimmune rabbit sera prepared by immunization with types 6 and 12 M proteins exhibited strong type-specific opsonic activity measured in vitro. The opsonic components of these antisera were removed by precipitation with heterologous M proteins as described above. These sera were tested for type-specific mouse-protecting capacity after removal of the immune precipitates. Groups of six mice were injected intraperitoneally with 0.2 ml of the various sera and then challenged 6 h later by injection with live organisms in 0.2 ml of buffer via the same route. In Table 5 it may be seen that a strongly opsonic type 12 antiserum with an equally potent mouse-protecting capacity, when absorbed with a slight antigenic excess of type 6 M protein, lost in vitro opsonic activity but still retained the ability to protect mice against a 3-log increment of the 50% lethal dose of homologous streptococci. The experiment was repeated with a type 6 anti-M serum absorbed with type 12 M protein in slight antigenic excess; again, the results showed that opsonic activity could be dissociated from passive mouse protection. DISCUSSION Considerable data (reviewed by Fox [7] an additional M antigen which they designated type 51, a new serotype. Since that time reciprocal cross-reactions between serotypes observed by precipitin reactions or mutual opsonization between antisera and selected heterologous serotypes have been described and attributed either to multiple M proteins within serotypes or to determinants common to the M protein of the strains in question (4, 12, 24, 25) .
In addition to this shared antigenicity between M proteins, several laboratories have claimed that non-type-specific antigenic material is associated with (and frequently inseparable from) so-called purified M proteins. The Massociated protein of Widdowson et al. (23) and the non-type-specific antigens described by Vosti et al. (22) and Beachey et al. (2) are examples. Owing to the disparities in the purification procedures and methodologies of the aforementioned researchers, one cannot readily determine whether they are dealing with similar substances. The only common denominator in regard to these various nonspecific antigens is their inability to induce or influence the opsonic or mouse-protecting capacities of M-specific antibodies.
In the experiments presented here there is additional evidence similar to that published by this laboratory several years ago (9) related to the type-specific opsonins. Probably the most important aspect of the experiments presented here is the unique demonstration of shared determinants among many serotypes. This mutuality must be directly related to Massociated determinants, owing to the demonstration that heterologous M proteins or whole cells were capable of absorbing anti-M opsonins, which could be recovered and shown to possess type-specific bactericidal activity.
In all probability these shared determinants are not related to the so-called non-type-specific, M-associated determinants described by Beachey and Stollerman (3). These authors speculated that the latter antigen is "buried" physically beneath the exposed M protein fimbriae. Our experiments with whole cell absorption of antibody and the heterologous labeling of whole cells with ferritin-marked antiglobuliri visualized by electron microscopy clearly demonstrate that the cross-reacting antigenic determinants are readily exposed to the outside environment of the whole cells. Vosti et al. (22) obtained two fractions from purified type 12 M protein, one of which contained "non-type-specific antigenic determinants" physically inseparable from the specific determinant that stimulated opsonic antibodies in immunized rabbits. They speculated that the cross-reactive determinants were on the same molecules as the M-specific determinants. Because of the differences in the procedures presented here and those of Vosti et al., it is difficult to determine whether the two laboratories are dealing with the same phenomenon.
The observation that an "M protein" from the M-negative strain Q496 was incapable of absorbing anti-M antibody implies an absence of the requisite antigenic determinant on that protein. However, until other M-negative strains are tested in a similar fashion, no conclusions may be drawn regarding the supposed absence of cross-reacting or M-specific determi-VOL. 13, 1976 on October 26, 2017 by guest http://iai.asm.org/ Downloaded from 642 WITTNER nants in the structure of so-called nontypable "M-proteins."
The current experiments emphasize the opsonic and mouse-protecting capacities of antibodies absorbed (and recovered) from heterologous whole cells or M protein precipitates. Quantitative precipitin curves demonstrate that only a portion of the antibody formed in response to whole cells or purified M protein is opsonic, and this fraction is absorbable by shared determinants on heterologous M proteins. These latter determinants are, however, not a major contribution in the immunogenic portion of the heterologous antigens, owing to the relatively rare occurrence of cross-protection. Of interest was the demonstration that heterologous absorption could remove opsonic antibody (as measured in vitro) without depleting the mouse-protecting activity of the serum. Michael and Massel (18) observed a number of years ago that streptococcal protection in mice was not entirely dependent on the presence of serum opsonins; they inferred from indirect evidence that"cytophilic antibody" in the absence of measurable opsonins played a role in mouse resistance to streptococcal challenge. It would be of interest to determine whether the protective globulin, free of opsonins as demonstrated in the current work, did, in fact, contain a "cytophilic" component. 
